Objective: We evaluated whether subjects with long-lived parents show lower levels of cardiovascular risk factors, including the metabolic syndrome.
). In mortality studies, increased longevity has been mainly attributable to reduced cardiovascular mortality (Ikeda et al. 2006; Menotti et al. 2006; Rosengren et al. 2002) . It has therefore been hypothesized that longevity results from reduced susceptibility to cardiovascular disease (Terry et al. 2004; Tunstall-Pedoe et al. 1999) .
Parental longevity has been associated with a favorable cardiovascular risk profile in several studies (Barzilai et al. 2001; Hammond et al. 1971; Reed et al. 2003; Terry et al. 2003; Terry et al. 2004; Terry et al. 2007; Yarnell et al. 2003; Zureik et al. 2005) . In the Framingham
Offspring study (Terry et al. 2007 ), offspring with long-lived parents had a more favorable cardiovascular risk profile with lower increase in blood pressure and Framingham risk score during follow-up compared to offspring whose parents <lied at a younger age. To our knowledge, there is little information on the biological profile of offspring of long-lived parents and on the effect of additional cardiovascular and metabolic markers such as insulin, adiponectin, leptin and homocystein, and inflammation markers such as ultrasensitive Creactive protein (CRP) and uric acid.
In an effort to expand our understanding of the effect of parental longevity on cardiovascular diseases, we performed detailed analyses of the relationship between parental longevity and a large array of metabolic variables in the population-based Co Laus Study in Lausanne, Switzerland, a resource which has already been used to examine the phenotypic and genetic determinants ofvarious traits (Firmann et al. 2008; Marques-Vidal et al. 2007; MarquesVidal et al. 2008; Rodondi et al. 2008; Sandhu et al. 2008) . We restricted these analyses to subjects aged 55 or more to avoid left-censoring of parental longevity information (i.e.
parents of young subjects are more likely to be alive and their longevity is therefore unknown).
METHODS

Study population
The study was approved by the Ethics Committee of the Faculty of Medicine of Lausanne. (Firmann et al. 2008) . The complete list of Lausanne inhabitants aged 35-75 years (n=56,694) was provided by the population registry of the city. A simple non-stratified random sample of 35% of the overall population was drawn. Inclusion criteria were: a) written informed consent; b) age between 35 and 74 years; c) willingness to donate data, blood and urine samples and d) Caucasian descent. Out of the 6188 participants, we excluded 3509 subjects who were younger than 55 years. In addition, we excluded 108 subjects due to missing data on parental longevity and 10 for missing covariates, so that 2561 subjects were included in the present analysis. In this group, 1298 individuals had neither parent alive or had both their parents deceased before they reached 85 years, 991 individuals had one parent alive or one parent deceased after 85, and 272 had both parents either still alive or deceased after the age of 85.
Recruitment began in June 2003 and ended in May 2006
Questionnaire data
Trained health professionals used a standardized questionnaire on socio-demographic characteristics and family history. The following questions were asked: "Is your father still alive?"; "If yes, how old is he?" ; "If no, at what age did he die?" The same questions were asked about the mother of each participant.
Assessment process and data collection
Participants attended the outpatient clinic of the University Hospital Center of Lausanne (CHUV) in the morning after an overnight fast. For the purpose of this analysis, smoking was defined as present if a participant reported to be a current smoker at the time of examination, alcohol consumption was defined as present for participants who reported drinking alcohol at least once a day.
Body mass index (BMI) was defined as weight in kg divided by height in meters squared.
Waist was measured over the unclothed abdomen at the narrowest point between the lowest rib and the iliac crest. Blood pressure and heart rate were measured three times on the left arm after at least a 10 minute rest in the seated position, using a clinically validated automatic oscillometric device (Omron HEM-907, Matsusaka, Japan) (El Assaad et al. 2002) , with an appropriately sized cuff. The average of the second and third readings was used for analyses. and clinical chemistry methods have been described previously (Firmann et al. 2008 ).
Diabetes was defined as a fasting blood glucose 2: 7 mmol/l and/or presence of any antidiabetic drug (including insulin). Hypercholesterolemia was defined as a fasting blood cholesterol 2: 6.2 mmol/l and/or presence of lipid lowering drugs.
Statistical analyses
Statistical analyses were performed using Stata 9.2 (Stata Corp, College Station, USA).
Quantitative data were expressed as means ±standard deviations. Qualitative data were expressed as number of subjects and percentage. Participants were stratified by the number of parents who survived to age 85 or more as follows: 0 parent alive, 1 parent alive, or both parents alive at age 85 or more. We chose a eut-off of 85 years because this is the commonly accepted definition of the oldest old (Suzman et al. 1985) .
We first conducted simple linear regression across the three categories of parental longevity, coded as 0, 1 and 2 for the number of parents alive or dead at age 85 or older. We compared these unadjusted results with (1) full models not adjusted for BMI, (2) full models adjusted for BMI. Full models included age, sex, alcohol ( coded as 1 if at least one standard drink a day and 0 otherwise), tobacco consumption and educational level (as a proxy for socioeconomic status). For blood pressure, further adjustment was made for antihypertensive treatment; for lipid markers, further adjustment was made for lipid-lowering treatment. For height, full adjustment included weight instead of BMI; for weight, full adjustment included height instead of BMI; for waist, full adjustment included BMI. We tested all models for an interaction of parental longevity with the participant's sex. Results were stratified by sex whenever this interaction was significant. We also compared the effects of parental longevity in former or current smokers versus never smokers.
We calculated ten-year coronary heart disease (CHD) risk score using the Framingham risk fonction (Wilson et al. 1998 ) and compared trend across the three parental categories of parental longevity using a non-parametric test for trend as implemented in the Stata nptrend fonction. The presence of metabolic syndrome was defined using the Adult Treatment Panel III definition of the National Cholesterol Education Pro gram (Adult Treatment Panel III 2002) , and trends across categories of parental longevity were assessed in a similar way. Ageadjusted prevalence was calculated using the direct standardization method (proportion fonction) in Stata.
RESULTS
Participants' characteristics
Participants' characteristics are listed in Table 1 . Women had lower BMI, weight and height, lower education levels and prevalence of alcohol and tobacco consumption than men.
Associations of parental longevity with anthropometric variables
BMI was much lower in women with longer-lived parents than in other women (Table 2 ).
This was attributable to both lower weight and higher height. The weight difference between women with 2 and 0 long-lived parents was 3.8 kg. Women with longer-lived parents had lower waist circumference, even after adjusting for BMI. Similar non significant trends were found in men.
In female never smokers, a significant trend was observed towards lower BMI, weight and waist circumference with increasing parental longevity ( Figure 1 ). Similar trends, but only of borderline significance, were found in female former and current smokers. No such trends were observed in men, regardless of smoking status ( Figure 1 ).
Associations of parental longevity with cardiovascular risk factors
For most variables analyzed (Table 3) , we observed trends towards lower cardiovascular risk profile as parental longevity increased. With the exception of pulse pressure, these trends were not significant after adjustment for BMI. The fact that adjustment for BMI attenuated these trends suggests that the lower cardiovascular risk profile associated with parental longevity is mediated, in part, by BMI. We found no significant interaction of parental longevity with sex for these variables. In never smokers (supplementary table 3a We conducted similar analyses with other selected variables: the results are summarized in Table 4 . CRP, liver enzymes, leptin and uric acid all showed significant trends across categories of parental longevity, but only AST remained significant after adjustment for BMI.
All these variables showed a trend towards better health condition with longer parental longevity. Analyses stratified by smoking status are available in supplementary table 4a and 4b. 
Associations of parental longevity with the metabolic syndrome
Women, but not men, with longer-lived parents had lower age-adjusted prevalence of the metabolic syndrome (Figure 2 ). In women, the age-adjusted prevalence of the metabolic syndrome varied from 24.8%, 20.5% to 13 .8% for 0, 1 and 2 long-lived parents, respectively, whereas in men the corresponding values were 28.8%, 32.1 % and 27.6%. When stratifying by smoking status, female never smokers showed a strong and significant trend for lower prevalence in metabolic syndrome with increasing parental longevity. Female former or current smokers and men didn't show such a trend (Figure 2 ). These results suggest that, in women, the beneficial effects of parental longevity on the metabolic syndrome are offset by smoking.
DISCUSSION
We found that increased parental longevity was strongly associated with decreased prevalence of the metabolic syndrome in women, but not in men. To our knowledge, this is the first time that this association has been reported. In women, the prevalence of the metabolic syndrome decreased from 24.8% to 13.8% across categories of increasing parental longevity. The size of this effect is remarkable considering that parental longevity was only reported, and not observed. These findings outline the power of family history to capture increased susceptibility to the clustering of cardiovascular risk factors. Our results are consistent with previous studies showing that longevity is associated with reduced cardiovascular mortality (Ikeda et al. 2006; Menotti et al. 2006; Rosengren et al. 2002) . We provide an additional dimension to this picture by showing that this lower cardiovascular mortality is partly mediated by the clustering of risks as observed in the metabolic syndrome.
Gender differences in cardiovascular morbidity and mortality are well known (Muller-N ordhorn et al. 2008) . In this study, an inverse association between parental longevity and prevalence of the metabolic syndrome was observed in women, but not in men. Similarly, the inverse association between Framingham Risk Score and parental longevity was only observed in women. This may reflect the fact that women are fitter than men. Following this perspective, environmental or genetic determinants of increased longevity might show their effects more clearly in subjects who are healthier. We cannot exclude that part of the observed sex differences are explained by the fact that daughters give more accurate information than sons regarding their parental longevity. However, in the field of cardiovascular risk factors, several studies showed no clear difference in the validity of family history between men and women (Bensen et al. 1999; Karter et al. 1999; Murabito et al. 2004 ). Compared to men, the conjunction of lower BMI, lower prevalence of metabolic syndrome, and lower Framingham Risk Score in women may explain why the heredity of longevity was greater among women than men. Our results suggest that all cardiovascular risk factors need to be low for the heredity of longevity to become apparent. The fact that male gender itself may be seen as a cardiovascular risk factor could explain why we observed no association between parental longevity and cardiovascular clustering in men.
Strong, further evidence to back up this hypothesis is that the association between parental longevity and cardiovascular risk varied according to smoking status. First, increased parental longevity was associated with lower prevalence of the metabolic syndrome mainly in women who had never smoked. Furthermore, the association of increased parental longevity with lower weight, BMI and waist, and with higher HDL-cholesterol levels was much stronger in female never smokers than in female former or current smokers. Smoking, through its gerontogenic effects (Bernhard et al. 2007; Martin 2000) , could reduce or neutralize the beneficial effect of increased parental longevity on the cardiovascular risk profile. This could also be the case for other acquired risk factors.
Our results underline the importance of BMI as a link between parental longevity and cardiovascular risk factors. Before adjusting for BMI, increased parental longevity was significantly associated with lower levels of several cardiovascular risk factors. Several associations (i.e., with systolic blood pressure, HDL-cholesterol and triglycerides) were attenuated after correcting for BMI. Moreover, the association of increased parental longevity with lower levels of inflammation markers ( e.g., lower CRP) disappeared after correcting for BMI. Hence, the lower cardiovascular risk observed in offspring of long-lived parents could be partially mediated by lower BMI. Our findings are consistent with the association of obesity with cardiovascular risk factors clustering (Grundy 2007) . Our findings are also consistent with the observation that obesity is a cardiovascular risk factor in primary prevention settings (i.e. very low prevalence of cardiovascular disease in our sample) (Yusuf et al. 2004 ). Since BMI results from genetic as well as non-genetic determinants, it may not only act as a mediator but also as a confounding factor in the association between parental longevity and cardiovascular risk. The improved health status associated with increased parental longevity may be partly due to shared environmental factors, including diet, between parents and their offspring. This highlights the importance of properly accounting for the complex role of BMI in this context.
Study limitations
Our study suffers from some limitations. First, parental longevity was not measured but only
reported. This may lead to some nondifferential misclassification of parental longevity that should rather weaken the true underlying associations. Therefore, we may have underestimated the impact of parental longevity on the participants' cardiovascular risk profile. Second, we have no information on parental BMI. Although this limits our capacity to understand the underlying pathophysiological processes, it does not decrease the usefulness of this simple and readily accessible piece of information (parental longevity) in clinical practice. Third, we have no information on smoking habits of parents. As parental and childhood smoking habits are closely related (Rainio et al. 2008) , it is unlikely that the associations observed in never-smoking women are confounded by parental smoking. However, we cannot evaluate the impact of parental smoking on offspring's smoking status and how this might affect the absence of association of metabolic syndrome with parental longevity. Differences between men and women suggest a possible hormonal explanation for women's better profile.
As 98.4 % of women were postmenopausal, we cannot explore the link between sex hormones and longevity in our study. This should be further investigated. Another limitation is that we cannot exclude a healthy volunteer bias. If our hypothesis that better fitness favors the detection of the beneficial effects of parental longevity is true, the fact that our study participants could be, on average, healthier than individuals from the general population, would lead to an overestimation of the beneficial effect of parental longevity on cardiovascular risk as compared to a sample devoid of healthy volunteer bias. We have not conducted separate analyses by former and current smoking status because of small sample sizes. As former smokers might have a metabolic benefit and be more health-conscious than current smokers, we would expect intermediate findings in former smokers. Finally, the low participation rate limits the external validity of our findings. Such participation rate is however comparable to those observed in MONICA surveys in France and Switzerland (Wolf et al. 2005) . The magnitude of the non-participation bias is not proportional to the percentage of non-participants ( Galea et al. 2007 ) and a study on representativeness observed that people with risky behaviours participated in the same proportions as people without risk factors (Taylor et al. 2006) . Moreover, in CoLaus, the age, gender and zip code distributions in participants were comparable to those observed in the source population (Firmann et al. 2008 ). As the study was restricted to Caucasians, our findings may not apply to other ethnie groups.
CONCLUSIONS
Although each single cardiovascular risk factor was only moderately associated with parental longevity, the clustering of cardiovascular risk factors, as reflected by the prevalence of the metabolic syndrome, was strongly associated with parental longevity in women. This gender difference, together with the observation that the beneficial effect of parental longevity was only present in never smokers, suggests that smoking may offset the benefits of having longlived parents. 
